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DATA TYPES

Data type defines the values
example if a variable has int data
values.
Data types specify the differentData types specify the different

stored in the variable.
There are two types of data types

Primitive data types
Non-primitive data types

DATA TYPES

values that a variable can take, for
data type, it can only take integer

different sizes and values that can bedifferent sizes and values that can be

types in Java:
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 Primitive Data Types (Fundamental Data Types)
Primitive Data Types are predefined and available within the Java 
language. There are 8 types of primitive data types:

Types (Fundamental Data Types)
Primitive Data Types are predefined and available within the Java 

of primitive data types:
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byte, short, int and long data
numbers.
float and double are used for fractional
char is used for storing characters(letters
boolean data type is used for variables

false.

types are used for storing whole

fractional numbers.
characters(letters).

variables that holds either true or
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Output  113
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Output 150



Output false
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Variables In JAVA
• Variable in Java is a data container

during Java program execution.
• Variable is a memory location name
• variable="vary + able" that means• variable="vary + able" that means
• In order to use a variable in a program

1. Variable Declaration
2. Variable Initialization

Variables In JAVA
container that stores the data values

name of the data.
means its value can be changed.means its value can be changed.

program we need to perform 2 steps
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1. Variable Declaration
Syntax:    data_type variable_name 
Eg: int a,b,c;

float pi;      
double d;

2. Variable Initialization
Syntax : data_type variable_name Syntax : data_type variable_name 

Eg:     int a=2,b=4,c=6;                        
float pi = 3.14f;
double val = 20.22d;
char a = ’v’;

data_type variable_name ;

data_type variable_name = value; data_type variable_name = value; 
;                        int num = 45.66;
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Types of variables
1. Local variables - declared inside
2. Instance Variable - declared

method.
3. Static variable - declared as with

Example:

variables
inside the method.

inside the class but outside the

with static keyword.
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Java Type Casting or Type Conversion

Type casting is when you assign a value of one primitive data 
type to another type.
In Java, there are two types of casting
1. Widening Casting (automatically) 1. Widening Casting (automatically) 

to a larger type size (called Type Conversion
byte -> short -> char -

2. Narrowing Casting (manually) 
smaller size type (called Type Casting

double -> float -> long 

Java Type Casting or Type Conversion

Type casting is when you assign a value of one primitive data 

In Java, there are two types of casting:
Casting (automatically) – converting a smaller type Casting (automatically) – converting a smaller type 

called Type Conversion)
-> int -> long -> float -> double

Narrowing Casting (manually) – converting a larger type to a 
called Type Casting)

> long -> int -> char -> short -> byte
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Widening
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Truncation
when a floating-point value is

truncation takes place, As you
fractional components
Thus, when a floating-point value

the fractional component is lost.
For example, if the value 45.12For example, if the value 45.12

resulting value will simply be
truncated.
No automatic conversions from

boolean. Also, char and boolean
other.

is assigned to an integer type
you know, integers do not have

value is assigned to an integer type,
.
12 is assigned to an integer, the12 is assigned to an integer, the

be 45. The 0.12 will have been

from the numeric types to char or
boolean are not compatible with each
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OPERATORS
An operator is a symbol that

certain mathematical or logical
Java operators can be divided into
• Arithmetic OperatorsArithmetic Operators
• Relational Operators
• Bitwise Operators
• Logical Operators
• Assignment Operators
• conditional operator (Ternary)

OPERATORS
that tells the computer to perform

manipulation.
into following categories:
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Arithmetic Operators
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Output
4
3
6
3
11
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X++  is   Use –Then - Change
19

++x  is  Change – Then - Use
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Relational Operators
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 Bitwise Operators
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Logical Operators
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Assignment Operators
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conditional Operator / Ternary 
Expression1 ? Expression2 : Expression3 
Expression ? value if true : value if false 

conditional Operator / Ternary Operator ( ? : )
? Expression2 : Expression3 

? value if true : value if false 
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Operator Precedence

• Evaluate  2*x-3*y ?
(2x)-(3y) or  2(x-3y) which one is correct??????

• Evaluate A / B * C Evaluate A / B * C 
A / (B * C) or  (A / B) * C Which one is correct?????
To answer these questions satisfactorily one has to understand 

the priority or precedence of operations. 

Precedence

which one is correct??????

Which one is correct?????
To answer these questions satisfactorily one has to understand 

operations. 
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• Precedence order - When two
operator with the higher precedence

• Associativity - When an expression
same precedence, the expression
its associativity.

operators share an operand the
precedence goes first.
expression has two operators with the
expression is evaluated according to
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Larger number means higher precedenceLarger number means higher precedence
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Larger number means higher precedenceLarger number means higher precedence
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Evaluate  i = 2 * 3 / 4 + 4 / 4 + 8 -
i = 6 / 4 + 4 / 4 + 8 - 2 + 5 / 8 operation: *

i = 1 + 4 / 4 + 8 - 2 + 5 / 8 operation: /

i = 1 + 1+ 8 - 2 + 5 / 8 operati

i = 1 + 1+ 8 - 2 + 0 operation: /

i = 2 + 8- 2 + 0 operation: +

i = 10 - 2 + 0 operation: +i = 10 - 2 + 0 operation: +

i = 8 + 0  operation : 

i = 8    operation: +
 

- 2 + 5 / 8 
operation: * 

operation: / 

operation: / 

operation: / 

operation: + 

operation: + 
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operation : - 
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SELECTION STATEMENTS
Selection statements allow your

paths of execution based upon
the state of a variable.
Also called decision making statements
Java supports various selection

switchswitch
There are various types of if statement
if statement
if-else statement
nested if statement
if-else-if ladder

SELECTION STATEMENTS
your program to choose different

the outcome of an expression or

statements
selection statements, like if, if-else and

statement in java.
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 If statement
Use the if statement to specify

executed if a condition is true.
Syntax

if (condition)
{{

// block of code to be executed
}

specify a block of Java code to be

executed if the condition is true

36



Example
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 if-else Statement
If-else statement also tests the condition. It executes the if block 

if condition is true otherwise else block is executed.
Syntax

if (condition)
{

// block of code to be executed// block of code to be executed
}

else
{

// block of code to be executed
}

else statement also tests the condition. It executes the if block 
if condition is true otherwise else block is executed.

executed if the condition is trueexecuted if the condition is true

executed if the condition is false
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Example
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Nested if else Statement
SyntaxSyntax
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if else if ladder
Syntax

if (condition) 
{

// block of code to be executed if the condition is true
}

else if (condition) 
{{

// block of code to be executed if the condition is true
}

else 
{

// block of code to be executed if the condition is true
}

// block of code to be executed if the condition is true

block of code to be executed if the condition is true

// block of code to be executed if the condition is true
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 If...Else & Ternary Operator – A comparisonA comparison
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 switch case
The if statement in java, makes selections

false condition. But switch case have
of the statements
It is like if-else-if ladder statement
How to Java switch works:

Matching each expression with caseMatching each expression with case
Once it match, execute all case from
Use break to exit from switch
Use default when expression does

selections based on a single true or
have multiple choice for selection

statement

case

45

case
from where it matched.

does not match with any case



Syntax
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Output
The day is Thursday



Why break is necessary in switch statement 
The break statement is used inside
statement sequence.
When a break statement is encountered,
the first line of code that follows
This has the effect of jumping outThis has the effect of jumping out
The break statement is optional.
will continue on into the next case

is necessary in switch statement ?
inside the switch to terminate

encountered, execution branches to
the entire switch statement

out of the switch.

48

out of the switch.
. If you omit the break, execution

case.



Nested Switch
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Iteration Statements (Loop)

A loop can be used to tell a
repeatedly
A loop repeatedly executes the
termination condition is met.termination condition is met.

Statements (Loop)

program to execute statements

the same set of instructions until
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While Loop
In while loop first checks the condition

then control goes inside the loop
the body.

Syntax
while (condition)while (condition)

{
// code block to be executed

}

condition if the condition is true
loop body otherwise goes outside of

51

executed



Example - 1                                                                  Output1                                                                  Output
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Example  - 2                                                                   Output2                                                                   Output
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Example  - 3                                                                   Output3                                                                   Output
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Example  - 4                                                                   Output4                                                                   Output
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Example  - 5 (Boolean Condition inside while Boolean Condition inside while loop)          Output
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 do...while loop
A do while loop is a control flow

of code at least once, and then
not, depending on a given condition
while).

Syntax
do {do {

// code block to be executed
} while (condition);

flow statement that executes a block
repeatedly executes the block,

condition at the end of the block (in

57

executed



Example -1                                                                          Output1                                                                          Output
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Example -2 (Infinitive do-while Loop)Loop) Output
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Difference Between while and doBetween while and do-while Loop
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 for loop
For Loop is used to execute set of statements repeatedly until the 

condition is true.
Syntax

for (initialization; condition; increment/decrement) 
{  

// code block to be executed // code block to be executed 
}

Initialization  : It executes at once.
Condition       :      This check until get true.
Increment/Decrement: This is for increment or decrement.

For Loop is used to execute set of statements repeatedly until the 

for (initialization; condition; increment/decrement) 

// code block to be executed 

61

// code block to be executed 

check until get true.
is for increment or decrement.



Example 1                                                                       OutputExample 1                                                                       Output
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Example 2                                                                       OutputExample 2                                                                       Output
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 For-each or Enhanced For Loop
 The for-each loop is used to traverse

is easier to use than simple for
increment value and use subscript

Syntax

for (type variableName : arrayNamefor (type variableName : arrayName
{

// code block to be executed
}

Loop
traverse array or collection in java.

loop because we don't need to
subscript notation.

arrayName)

64

arrayName)

executed



Example                                                                                 Output Example                                                                                 Output 
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Labeled For Loop
According to nested loop, if we put
compiler will jump out from inner
again.
What if we need to jump out
statement given inside inner loop?
define label along with colon(:) sign

SyntaxSyntax
labelname:  
for(initialization; condition; increment/decrement)
{  

//code to be executed  
} 

put break statement in inner loop,
inner loop and continue the outer loop

from the outer loop using break
loop? The answer is, we should

sign before loop.

66

; condition; increment/decrement)
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Example without labelled loop                                        Outputloop                                        Output
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Example with labelled loop                                                    Outputloop                                                    Output
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Jump Statements
 Java Break Statement
The Java break statement is

statement
 It breaks the current flow of the It breaks the current flow of the
When a break statement is encountered

immediately terminated and the
next statement following the loop
In case of inner loop, it breaks only

Statements

used to break loop or switch

the program at specified conditionthe program at specified condition
encountered inside a loop, the loop is

the program control resumes at the
loop.

only inner loop.
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Example 1
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Example 2
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Example 3
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Example 4
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Java Continue Statement
The Java continue statement is used 
The continue statement is used in loop control structure when you 

need to jump to the next iteration of the loop 
It continues the current flow of the program and skips the remaining 

code at the specified condition.code at the specified condition.
In case of an inner loop, it continues the inner loop only.

The Java continue statement is used to continue the loop
The continue statement is used in loop control structure when you 

to jump to the next iteration of the loop immediately
continues the current flow of the program and skips the remaining 

In case of an inner loop, it continues the inner loop only.
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Example 1 
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Example 2 
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Example 3 
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Example 4 
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ARRAY
An array is a collection of similar
Java array is an object which contains
type.
The elements of an array are
location
the size of an array is fixed and cannotthe size of an array is fixed and cannot
more elements
It is also known as static data structure
must be specified at the time of
Array in Java is index-based, the
stored at the 0th index

ARRAY
similar data types.

contains elements of a similar data

stored in a contiguous memory

cannot increase to accommodatecannot increase to accommodate

structure because size of an array
its declaration.

the first element of the array is

80



Java provides the feature of anonymous
available in C/C++.

Advantage of Java Array
Code Optimization: It makes the code
sort the data easily.
Random access: We can get any data

anonymous arrays which is not

code optimized, we can retrieve

data located at any index position
81



Disadvantage of Java Array
Size Limit: We can store the only
array. It doesn't grow its size at
collection framework is used in java
Features of Array
It is always indexed. The index begins from 0.
It is a collection of similar data types.It is a collection of similar data types.
It occupies a contiguous memory location
Types of Java Array
Single Dimensional Array
Multidimensional Array

only fixed size of elements in the
at runtime. To solve this problem,

java.

It is always indexed. The index begins from 0.
It is a collection of similar data types.It is a collection of similar data types.
It occupies a contiguous memory location.
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 Single Dimensional Array in 
Array Declaration
Syntax:  datatype[ ] arrayname;
Eg: int[ ] arr;

char[ ] name;
short[ ] arr;short[ ] arr;
long[ ] arr;
int[ ][ ] arr; //two dimensional array

In C program  datatype arrayname

Single Dimensional Array in java

; //two dimensional array

arrayname[];
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Initialization of Array
new operator is used to initializing an array

Eg 1:     int[ ] arr = new int[10];
or

int[ ] arr = {10,20,30,40,50int[ ] arr = {10,20,30,40,50

Eg 2:  String[] cars = {"Volvo", "BMW", "Ford", "Mazda
Eg 3:      double[] myList = new double[10];

is used to initializing an array.

= {10,20,30,40,50};= {10,20,30,40,50};

[] cars = {"Volvo", "BMW", "Ford", "Mazda"};
double[10];
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Accessing array element
Example: To access 4th element of a given 

int[ ] arr = {10,24,30,50};
System.out.println("Element at 4th place" + 

To find the length of an array,
array_name.length

Example: public class MyClass
{{

public static void main(String[]
{

String[] cars = {"Volvo",
System.out.println(cars

}
}

Example: To access 4th element of a given array

("Element at 4th place" + arr[3]);

we can use the following syntax

main(String[] args)

{"Volvo", "BMW", "Ford", "Mazda"};
cars.length);

Output 4
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Loop Through an Array
public class MyClass

public static void main(String[] args
{

String[] cars = {"Volvo", "BMW", "Ford", "Mazda"};
for (int i = 0; i < cars.length; i++) for (int i = 0; i < cars.length; i++) 

{
System.out.println(cars[i]);

}
}

args) 

String[] cars = {"Volvo", "BMW", "Ford", "Mazda"};
; i++) ; i++) 

]);
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Loop Through an Array with For
public class MyClass

public static void main(String[] args
{

String[] cars = {"Volvo", "BMW", "Ford", "Mazda"};
for (String i : cars) for (String i : cars) 

{
System.out.println(i);

}
}

For-Each

args) 

String[] cars = {"Volvo", "BMW", "Ford", "Mazda"};
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Output
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Output
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Two Dimensional array 
Array Declaration  

Syntax : datatype[ ][ ] arrayname;       
Eg:  int[][] myNumbers ;   

Array Initialization 
int[ ][ ] arrName = new int[10][10int[ ][ ] arrName = new int[10][10

Or
int[ ][ ] arrName = {{1,2,3,4,5},{6,7,8,9,10},{11,12,13,14,15}}; 
5 is the size of the array.      

;       

= new int[10][10];= new int[10][10];

= {{1,2,3,4,5},{6,7,8,9,10},{11,12,13,14,15}}; // 3 by 
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Output
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Output
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STRING
• Strings are used for storing text
• A String variable contains a collection of characters surrounded 

by double quotes
Eg:  Create a variable of type String and assign it a 

String greeting = "HelloString greeting = "Hello

STRING
text

variable contains a collection of characters surrounded 

a variable of type String and assign it a value
greeting = "Hello";greeting = "Hello";

Output
Hello
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In Java, string is basically an object
char values
An array of characters works same

char[] ch={'j',‘o',‘s',‘e',‘p',‘h'};
String s=new String(ch); //convertingString s=new String(ch); //converting

is same as
String s="joseph"; //creating

object that represents sequence

same as Java string. For example:

;
converting char array to stringconverting char array to string

creating string by java string literal
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String Length
The length of a string can be found

Output
The length of the txt string is: 26

found with the length() method
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toUpperCase() and toLowerCase

Output
HELLO WORLD
hello world

toLowerCase()
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Finding a Character in a String
The indexOf() method returns the

occurrence of a specified text in a

Output 7

String
the index (the position) of the first
a string (including whitespace)

97



String Concatenation
The + operator can be used between
is called concatenation

Output John Doe

between strings to combine them. This

98



concat() method
We can also use the concat() method

Output John Doe

method to concatenate two strings:
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Special Characters
Consider the following example

String txt = "We are the so-called
Because strings must be written
misunderstand this string
The solution to avoid this problem,The solution to avoid this problem,
character

called "Vikings" from the north.";
written within quotes, Java will

problem, is to use the backslash escapeproblem, is to use the backslash escape

100



Output We are the so-called "Vikings"
The sequence \" inserts a double
The sequence \' inserts a single quote
The sequence \\ inserts a single

"Vikings" from the north.
double quote in a string

quote in a string
backslash in a string
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Adding Numbers and Strings
Java uses the + operator for both
If we add two strings, the result will

Strings
addition and concatenation.

will be a string concatenation

Output
10201020
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If we add a number and a string,
concatenation

string, the result will be a string

Output
1020
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INHERITANCE IN JAVA
Inheritance in Java is a mechanism
all the properties and behaviors
The idea behind inheritance in
classes that are built upon existing
When you inherit from an existingWhen you inherit from an existing
and attributes of the parent class
methods and attributes in your current
Inheritance represents the IS-A
as a parent-child relationship.

INHERITANCE IN JAVA
mechanism in which one object acquires

of a parent object.
Java is that you can create new

existing classes.
existing class, you can reuse methods

EDULINE

existing class, you can reuse methods
class. Moreover, you can add new

current class also
relationship which is also known

2



Terms used in Inheritance
Class: A class is a template or blueprint
created.
Sub Class/Child Class: Subclass is
class. It is also called a derived class
Super Class/Parent Class: Superclass
subclass inherits the features. Itsubclass inherits the features. It
parent class.
Reusability: As the name specifies,
facilitates you to reuse the attributes
class when you create a new class
and methods already defined in the

blueprint from which objects are

is a class which inherits the other
class, extended class, or child class.

Superclass is the class from where
is also called a base class or

EDULINE

is also called a base class or

specifies, reusability is a mechanism which
attributes and methods of the existing

class. We can use the same attributes
the previous class.
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Access Modifiers - There are four
Private: The access level of a private
class. It cannot be accessed from outside
Default: The access level of a default
package. It cannot be accessed from
not specify any access level, it will
Protected: The access level of a
package and outside the packagepackage and outside the package
make the child class, it cannot
package.
Public: The access level of a public
accessed from within the class,
package and outside the package.

four types of Java access modifiers:
private modifier is only within the

outside the class.
default modifier is only within the
from outside the package. If you do

be the default.
protected modifier is within the
through child class. If you do not

EDULINE

through child class. If you do not
cannot be accessed from outside the

public modifier is everywhere. It can be
class, outside the class, within the

4
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The syntax of Java Inheritance

The extends keyword indicatesThe extends keyword indicates
that derives from an existing class
The meaning of "extends" is to increase
In the terminology of Java, a class

parent or superclass, and the new

that you are making a new class

EDULINE

that you are making a new class
class.

increase the functionality.
class which is inherited is called

new class is called child or subclass.

6



Programmer is the subclass (child class) 
Employee is the superclass (Parent class)
The relationship between the two classes 

is Programmer IS-A Employee
It means that Programmer is a type of 
Employee.Employee.

subclass (child class) 
superclass (Parent class)

The relationship between the two classes 

It means that Programmer is a type of 

EDULINE7



Programmer object can access
well as of Employee class i.e. code

Output

EDULINE

the attribute of its own class as
code reusability.
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Types of inheritance in java
On the basis of class, there can be three types of inheritance in 

java: single, multilevel and hierarchical
On the basis of class, there can be three types of inheritance in 

hierarchical.

EDULINE9
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SUPER KEYWORD 
The super keyword in Java is a reference

refer immediate parent class object
Usage of Java super Keyword

super can be used to refer immediate
variable.variable.
super can be used to invoke immediate
super() can be used to invoke immediate
We can use super keyword to access

of parent class. It is used if parent
attribute.

SUPER KEYWORD 
reference variable which is used to

object.
Keyword

immediate parent class instance

EDULINE

immediate parent class method.
immediate parent class constructor.

access the data member (attribute)
parent class and child class have same

11



output

Animal and Dog both classes have a  
common property color. If we print 
color property, it will print the color 
of current class by default. To access 

EDULINE

of current class by default. To access 
the parent property, we need to use 
super keyword.

12



Output

The super keyword can also be 

EDULINE

The super keyword can also be 
used to invoke(call) parent class 
method.

13



In the above example Animal and
method
If we call eat() method from Dog

of Dog class by default because priority
To call the parent class method,

and Dog both classes have eat()

Dog class, it will call the eat() method
priority is given to local.
we need to use super keyword.

EDULINE14



The super keyword can also
be used to invoke the parent
class constructor.

EDULINE

Output
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Calling order  of constructors in 

Order of execution of constructors
from base (parent) class to derived
We know that when we create

constructors get called automaticallyconstructors get called automatically
In inheritance relationship, when

class, then first base class constructor
constructor get called implicitly.
In simple word, we can say that

called first, then of the child class

of constructors in inheritance

constructors in inheritance relationship
derived (child)class.
create an object of a class then the

automatically.

EDULINE

automatically.
when we create an object of a child
constructor and then derived class

that the parent class constructor get
class constructor.

16



Output

EDULINE17



METHOD OVERRIDING
If subclass (child class) has the

parent class, it is known as method
In other words, If a subclass provides

of the method that has been declared
is known as method overriding
Usage of Java Method Overriding
Method overriding is used to provide
of a method which is already provided
Method overriding is used for runtime

METHOD OVERRIDING
same method as declared in the

method overriding in Java.
provides the specific implementation
declared by one of its parent class,

EDULINE

Overriding
provide the specific implementation

provided by its superclass.
runtime polymorphism

18



Rules for Java Method Overriding
The method must have the same
The method must have the same
There must be an IS-A relationship
Remember…….
A static method cannot be overriddenA static method cannot be overridden
method is bound with class whereas
with an object. Static belongs to
belongs to the heap area.
Can we override java main method?
static method.

Overriding
name as in the parent class
parameter as in the parent class.

relationship (inheritance).

overridden. It is because the static

EDULINE

overridden. It is because the static
whereas instance method is bound

to the class area, and an instance

method? - No, because the main is

19



Example - method overriding Output

we have defined the run 
method in the subclass as 
defined in the parent class 
but it has some specific 

EDULINE

but it has some specific 
implementation. The name 
and parameter of the method 
are the same, and there is IS-A
relationship between the 
classes, so there is method 
overriding.

20



method overloading method overloading Vs. method overriding 
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FINAL KEYWORD

The final keyword in java is used to 
keyword can be used in many context. Final can be

1. variable
2.  method2.  method
3.  class

Java final variable
If you make any variable as final,
final variable(It will be constant)

FINAL KEYWORD

final keyword in java is used to restrict the user. The java final 
keyword can be used in many context. Final can be:

EDULINE

final, you cannot change the value of

22



There is a final variable 
speedlimit, we are going to 
change the value of this 
variable, but It can't be 

EDULINE

variable, but It can't be 
changed because final variable 
once assigned a value can 
never be changed.
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Java final method
If we make any method as final, we cannot we cannot override it

EDULINE24



Java final class
If we make any class as final, we we cannot extend it.
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Is final method inherited
 Yes, final method is inherited but you cannot override it. For 

Example:

Is final method inherited?
Yes, final method is inherited but you cannot override it. For 
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 Points to Remember
) A constructor cannot be declared
) Local final variable must be initializing
) We cannot change the value of a
) A final method cannot be overridden
) A final class not be inherited.) A final class not be inherited.
) If method parameters are declared

parameters cannot be changed.
) final, finally and finalize are three

exception handling and finalize is
during garbage collection.

declared as final.
initializing during declaration.

a final variable.
overridden.
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declared final then the value of these

three different terms. finally is used
is a method that is called by JVM
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ABSTRACT CLASSES AND METHODS
Data abstraction is the process
showing only essential information
Abstract class: is a restricted class
objects (to access it, it must be inherited
Abstract method: can only beAbstract method: can only be
does not have a body. The body
(inherited from).
An abstract class can have both abstract

ABSTRACT CLASSES AND METHODS
process of hiding certain details and

information to the user.
class that cannot be used to create
inherited from another class).

used in an abstract class, and

EDULINE

used in an abstract class, and
body is provided by the subclass

abstract and regular methods:
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Abstract class
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From the example above, it is not
the Animal class

Animal myObj = new Animal()
To access the abstract class, it

class

EDULINE

not possible to create an object of

Animal(); // will generate an error
must be inherited from another
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Example
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Example - Here Bike is an abstract
abstract method run. Its implementation
class.

abstract class that contains only one
implementation is provided by the Honda

Output
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THE OBJECT CLASS
The Object class is the parent class
default. In other words, it is the topmost
The Object class provides some
objects such as object can be compared,
object can be notified etc.object can be notified etc.
Object class is present in java.lang
Every class in Java is directly or indirectly
class

THE OBJECT CLASS
class of all the classes in java by

topmost class of java.
some common behaviors to all the

compared, object can be cloned,
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lang package
indirectly derived from the Object
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Methods of Object class
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